Objectives: Inferior vena cava (IVC) filters are placed to prevent pulmonary embolism, however, some studies have suggested that IVC filters are associated with exacerbated risks of deep vein/IVC thrombosis in cancer patients. The purpose of this study is to determine if cancer patients develop higher than expected rates of venous thromboembolism complications after filter placement compared with noncancer patients.
C ancer patients are at 4-to 7-fold higher risk of venous thromboembolism (VTE) than patients without cancer. 1, 2 Although anticoagulation is effective in preventing VTE recurrence in cancer patients, bleeding complications are 2-to 6-fold more common. [3] [4] [5] Although inferior vena cava (IVC) filters have been traditionally used in patients with contraindications to anticoagulation such as bleeding, previous studies have suggested that IVC filters have been associated with exacerbated risks of deep venous thrombosis (DVT) and IVC thrombosis and decreased survival [6] [7] [8] in cancer patients. Although prior studies have suggested increased thrombotic complications associated with filter placement, these studies have been limited by lack of comparison groups and small sample sizes. 9, 10 The purpose of the current study is to determine if cancer patients have an increased rate of VTE after filter placement compared with patients without cancer greater than what might be expected based on historical controls.
MATERIALS AND METHODS

Patients
After obtaining institutional review board approval, we indentified patients from a retrospective cohort of consecutive patients at the Johns Hopkins Hospital who received an IVC filter between January 2002 to December 2006. 11 
Primary Exposure
The primary exposure of interest in this study was active malignancy. The Johns Hopkins Medical Institutions Electronic Patient Record (EPR) was used to search hospital admissions, clinic notes, laboratory results, and radiology reports to determine primary as well as secondary exposures. Patients were classified as having an active malignancy at the time of filter placement if they were noted to have a diagnosis of metastatic cancer, recent (within 3 mo) or ongoing treatment for cancer, or a diagnosis of cancer within 3 months of filter placement. Cancer stage was not uniformly reported but medical reports were searched to determine if patients had metastatic disease before or at the time of filter placement. Particular types of chemotherapeutic agents were noted if they have been associated with an elevated risk of VTE. 12 
Additional Baseline Exposures
For each filter recipient, the time of filter placement and type of filter were noted along with any procedural complications that occurred during filter placement. Baseline exposures collected included the following variables: age, sex and ethnicity, indications for filter placement, risk factors for VTE, and the presence of VTE at the time of filter placement.
VTE risk factors included the following: a history of recent surgery, immobilization (no immobilization, short-term immobilization, and long-term immobilization), trauma, stroke, cardiopulmonary failure, thrombophilia, age, prior VTE, current pregnancy or postpartum state (up to 6 wk after delivery), estrogen therapy, nephrotic range proteinuria (Z4 g/d), leukocyte count, platelet count, hemoglobin, and obesity. Definitions of these variables are included in the supplementary material (see Supplemental Digital Content 1, http://links.lww.com/ AJCO/A47).
Potential Confounders
We hypothesized that most of the covariates in our study would be intermediates instead of confounders with the exception of demographic variables (age, sex, and ethnicity). To take into account potential confounding due to demographic variables, the probability of active malignancy was modeled using propensity scores. [13] [14] [15] [16] 
IVC Filter Placement
Usual clinical practice was followed. Before proceeding with IVC filter placement, informed consent was obtained after a discussion of its potential risks and benefits. Percutaneous access was performed using real-time sonographic guidance, and venograms were performed using iodine contrast. In patients with documented moderate (glomerular filtration rates of < 60 mL/min/ 1.73 m 2 ) to severe (glomerular filtration rates of < 15 mL/min/ 1.73 m 2 ) renal insufficiency, gadolinium, or CO 2 gas contrast was used. Filters were placed percutaneously via the common femoral vein or the internal jugular vein in the interventional radiology suite. The attending physician and the primary referring physicians jointly decided on whether permanent (PF) or retrievable (RF) filters were placed. The specific type of RF or PF used was determined by the attending physician based on the clot location, duration of caval filtration anticipated, venous access site availability, caval diameter, and operator experience.
When the maximal benefits of a RF were realized and the estimated risk:benefit balance (risk of RF complications vs. risk of pulmonary embolism [PE]) of continued filtration was judged to be unfavorable; patients were evaluated for possible retrieval by the primary referring service with a consultation with the interventional radiology service. The retrieval decision was made by the attending physician on individual case basis. Each patient was thoroughly evaluated clinically for VTE status, recurrence risk, and anticoagulation status. To assess the status of venous thromboembolic disease, bilateral extremity duplex Doppler examinations were performed in all RF retrieval candidates. Patients with evidence of new/progressive VTE were left with RF intact. When VTE was absent or VTE was stable/regressing while on stable anticoagulation therapy, patients were referred for venographic evaluation. Direct venography of both iliac veins and the IVC was performed. RF retrieval was attempted only in patients with absent or minimal thrombus trapped in the RF. Our approach follows the recommendations later set forth by the SIR Multidisciplinary Consensus Conference. 17 
Antithrombotic Therapy
Once contraindications to its use were no longer present, anticoagulation was initiated using unfractionated heparin adjusted to achieve an activated partial thromboplastin time ratio of 1.5 to 2.5 times control or weight-based doses of lowmolecular-weight heparin. In the absence of clinical signs of bleeding, warfarin was started and unfractionated heparin or low-molecular-weight heparin was continued for a minimum of 5 days until the INR was at least 2 for 24 hours. In cancer patients, low-molecular-weight heparin was also used in some instances for long-term therapy. The duration of therapy and subsequent initiation of therapy for recurrent episodes of VTE was dictated by patients' physicians on an individual basis.
Study Outcomes
The primary study outcome was the development of VTE after filter placement. The Johns Hopkins Medical Institutions EPR was used to search hospital admissions, clinic notes, laboratory results, and radiology reports to determine if patients developed VTE after filter placement. DVT, IVC thrombosis, or PE events were defined as any new episode or worsening noted in radiology reports or clinic notes. VTE was defined as any DVT, IVC thrombosis, or PE occurring after filter placement. Uniform surveillance was not performedpatients received routine clinical follow-up as dictated by their physicians based upon their clinical status.
The principal secondary outcome of interest was death after filter placement. Death was determined by chart review as well as a search of the Social Security Death Index on September 6, 2009.
For VTE, follow-up times were determined from the day of filter placement until the time of the event or until the last visit noted in the EPR. For the outcome of death, the duration of follow-up was determined from the date of filter placement until the date of death as recorded in the EPR or the most recent date the Social Security Death Index was queried. 18 Additional complications of filter placement noted during follow-up included filter migration, IVC penetration, and major or minor bleeding. 19 
Statistical Analysis
Statistical analysis was performed using STATA, version 11.0 (STATA Inc., College Station, TX) and R, version 2.10 (R Foundation for Statistical Computing, Vienna, Austria). Baseline variables were described using means with 95% confidence intervals (CI) and analyzed by comparing means using t tests or proportions using z tests.
In our analyses, we compared cancer to noncancer patients and then looked at cancer patients separately.
To compare cancer versus noncancer patients, we performed 2 different types of analyses-Cox proportional hazards models and temporally multistate models based on propensity scores. 14 The temporally multistate models will be referred to as multistate models for the rest of the paper.
As the competing risk of death constituted informative censoring in the Cox models, we examined the multistate nature of the possible observed combinations of clot events and death. Specifically, we estimated the probability that each individual would be in one of the 4 states at each time point: those alive without prior clot, those who had experienced a clot but were still currently alive, those who had died without a clot, and those who had clotted and subsequently died.
For the multistate model analysis, we considered the time scale from filter installation to 30 days postprocedure. We first estimated the empirical (unadjusted) probability of being in each state and plotted this in cancer and noncancer patients across time. Relative risks (RR) with 95% CIs comparing cancer to noncancer patients were estimated. To address potential confounding due to demographic variables, we also estimated an adjusted probability of being in each state with 95% CIs using quintiles of propensity scores, after excluding noncomparable patients (minimum-maximum criteria). The estimation of the adjusted probabilities involved estimating the probability of being in each state at each time point for both cancer and noncancer patients. We then averaged these probabilities over the propensity score distribution to get the marginal state probabilities to be compared. The results of this analysis were also plotted (these curves are weighted versions of the empirical curves, with weights based on the propensity scores). RRs and 95% CIs were calculated using the delta method; as some of the estimated probabilities were estimated from small samples the coverage probabilities of these intervals might be suboptimal. A complete case analysis was deemed satisfactory due to the low rate of missing data (10.6%).
We also used Cox proportional hazards models to assess the sensitivity of our findings. For the Cox models, we determined the hazard ratios for the time to each of the 4 events: VTE, IVC/DVT, PE, and death as well as the composite outcome of VTE or death. We first performed these analyses for each outcome in the entire cohort of 702 patients with and without adjustment for demographic variables. Next, we performed these unadjusted and adjusted analyses after excluding cancer and noncancer patients who did not have overlapping propensity scores (minimum-maximum criteria) and patients who did not fall within the 5th to 95th percentile of propensity scores. Proportional hazards assumptions were checked using log plots as well as tests based on Schoenfeld residuals.
We assessed the sensitivity of our findings in several other ways. To determine if changes in treatment protocol over time introduced bias, we adjusted for procedure year in our Cox models. We also adjusted for quartiles of follow-up to determine if patients were more likely to be diagnosed with VTE with longer follow-up. Furthermore, we stratified our Cox models by propensity score quintile to determine if our findings were consistent across propensity score quintiles.
For cancer patients alone, we used Kaplan-Meier methods to estimate survival probabilities with 95% CIs in the entire data set from 30 to 1825 days. We also stratified by cancer status, cancer location/type, presence or absence of metastases, primary or secondary involvement of the brain, and clot risk (low risk, high risk, and very high risk) 20 and calculated survival probabilities with 95% CIs.
Sample Size Calculations
On the basis of the Prevention du Risque d'Embolie Pulmonaire par Interruption Cave study, we assumed that 5.6% of subjects on anticoagulation would develop VTE after filter placement within 3 months and that 11.2% of cancer patients would develop VTE (assuming that cancer patients have twice the risk of VTE as noncancer patients). Although we did not have estimates to allow us to make power calculations based on a multistate analysis, with a 2-proportion z test, our available sample size of 246 cancer patients and 456 noncancer patients would yield a statistical power of 70.9%.
RESULTS
Demographics
Between 2002 and 2006, we noted that 702 patients received IVC filters of which 246 had active cancer at the time of filter placement. Baseline differences were noted between cancer and noncancer patients in terms of demographics and risk factors for VTE (Table 1) . Cancer patients were older (62 vs. 57 y, P < 0.01), more likely to be white (73% vs. 56%, P < 0.001), more likely to have filters placed due to contraindications to anticoagulation (68% vs. 58%, P < 0.01), less likely to have filters placed for prophylaxis (8% vs. 17%, P < 0.01), more likely to present with pulmonary embolus (42 vs. 27%, P < 0.001). Comparable numbers of cancer patients were female (46% vs. 48%, P = 0.55) and both groups were comparably likely to have at least 30 days of follow-up, if they did not experience an episode of VTE or death (P = 0.173).
Filter Types and Indications
Indications for filter placement differed between cancer and noncancer patients. Cancer patients were more likely to receive IVC filters for contraindications to anticoagulation (68%) and failures of anticoagulation (13%), whereas noncancer patients were more likely to receive filters due to contraindications to anticoagulation (58%) and prophylactic reasons such as trauma (17%) (P < 0.01).
Cancer patients were more likely to have permanent filters placed than retrievable filters (46% vs. 36%, P = 0.02) and the most common filter types were Optease and Trapease filters for cancer patients (35%, 35%) and noncancer patients (39%, 28%), respectively. In cancer patients who received retrievable filters, filter retrieval was attempted in 15% of patients in which filter removal was successful in 53% of patients with a mean retrieval time of 16.1 ± 18.3 days (SD) after implantation. The remainder of the patients did not have their filters retrieved secondary to clot in the filter. No cancer or noncancer patients experienced symptomatic filter migration or IVC penetration during follow-up.
Anticoagulation
Among 246 cancer patients, 38.6% of patients received anticoagulation after filter placement and among 456 noncancer patients, 33.3% of patients received anticoagulation. Warfarin was the most commonly used anticoagulant in cancer and non-cancer patients -after filter placement, similar percentages of cancer and non-cancer patients were treated with warfarin (P = 0.124).
Complications were low in both anticoagulated and nonanticoagulated patients. Among the 247 patients who were anticoagulated, 3 patients were noted to have hematomas (1.2%), 1 patient died due to a retroperitoneal bleed after filter placement (0.4%), and in 1 patient the filter needed to be repositioned (0.4%). Among the 455 patients who were not anticoagulated, 8 patients were noted to have hematomas (1.8%), 1 patient was noted to have an unsuccessful filter placement (0.2%), 6 filters needed to be repositioned (1.3%), and 1 filter migrated (0.2%).
Cancer Types
Among our 246 patients with active cancer, the most common location was gastrointestinal tract (33.3%) and the most common primary organ sites were lung (11.8%), colorectal (10.6%), and pancreatic (9.4%) ( Table 2 ). Nearly half of the patients (45.9%) were noted to have metastatic cancer at the time of filter placement, whereas 17.1% of cancer patients had brain involvement. Of the 246 cancer patients, 32(13.0%) had cancers that were associated with a very high risk of VTE (pancreatic and gastric), whereas 92 (37.4%) had cancers that were associated with a high risk of VTE (lung, lymphoma, gynecologic, and genitourinary cancers excluding prostate).
VTE and Death After Filter Placement
In the unadjusted analyses with the entire data set, we noted that 13.4% of cancer patients developed VTE by 30 days compared with 7.7% of noncancer patients. Using the multistate models, the adjusted percentage of cancer patients who developed VTE was 15.9% (10.5, 21.3), whereas the adjusted percentage of noncancer patients developing VTE was 8.0% (5.1, 10.9) (Fig. 1) . These differences were noted to be statistically significant using multistate models (RR 2.0 [95% CI, 1.2, 3.3]) as well as the Cox models (RR 1.9 [95% CI, 1.1, 3.2]) ( Table 3 ).
In our sensitivity analyses using Cox models, we adjusted for year of procedure, propensity score quintiles, and quartiles of follow-up and noted that cancer was associated with a statistically significantly increased risk of VTE in all of these models (Table 3 ).
In the unadjusted analyses with the entire data set, we noted that 10.6% developed DVT or IVC thrombosis by 30 days compared with 6.8% of noncancer patients. These differences were noted to be statistically significant using multistate models (RR 1.7 [95% CI, 1.0, 3.1]) and the Cox model (HR 1.7 [95% CI, 1.0, 3.0]) ( Fig. 1) (Table 3 ). In our sensitivity analyses, Cox models with additional adjustment, exclusion, or stratification produced results that were consistent with our main results.
In the unadjusted analysis, we noted that 4.1% of cancer patients developed PE by 30 days compared with 1.8% of noncancer patients. Using the multistate analysis, these differences were statistically significant using multistate models (RR 2.7 [95% CI, 1.0, 7.5]) but not statistically significant using the Cox model (HR 2.2 [95% CI, 0.8, 5.7]) ( Fig. 1) ( Table 3 ). In our sensitivity analyses, Cox models with additional adjustment, exclusion, or stratification produced results that were consistent with our main results.
In our Kaplan-Meier survival analyses, we found that cancer patients had lower survival probabilities compared with noncancer patients at 30 days (78% vs. 86%), 1 year (36% vs. 71%), and 5 years (15% vs. 52%) ( Table 4 ). The highest survival probabilities were found with genitourinary (prostate, bladder, renal) (82%, 48%, 29%) and gynecologic (uterine, ovarian) cancers (93%, 45%, 11%) and the lowest survival probabilities were found with pancreatic (61%, 17%, 17%) and lung cancers (66%, 24%, 10%) at 30 days, 1 year, and 5 years, respectively. Patients with metastatic disease had lower 30-day, 1-year, and 5-year survival probabilities (73%, 27%, 10%) compared with patients without evidence of metastatic disease at baseline (82%, 43%, 20%). We did not note the elevated rates of VTE or mortality in patients with high and very high thrombotic risk cancers compared with patients with other cancer types ( Table 5 ). Patients with metastatic cancer or central nervous system cancers did not develop more VTE but did have higher mortality rates.
DISCUSSION
In this study, we found that cancer patients have elevated risks of thrombotic complications compared with noncancer patients, however, these risks are not higher than the expected, based on historical controls. Comparing cancer to noncancer patients, a prospective cohort study based in Olmsted county, Minnesota found that the diagnosis of cancer was associated with a 4.1-fold increased risk of thrombosis (95% CI, 1.9, 8.5) and chemotherapy was associated with a 6.5-fold increase in thrombotic risk (95% CI, 2.1, 20.2). 1 Similarly, Matsuo et al 7 found elevated risks of distal metastases and decreased survival in ovarian cancer patients with IVC filters. The authors proposed potential explanations in which the placement of an IVC filter triggers a proinflammatory state and activates platelets promoting both VTE and tumor growth. Given these risks, we may have expected the insertion and ongoing presence of an IVC filter to exacerbate a hypercoagulable state, leading to magnified risks of VTE in cancer patients compared with noncancer patients, > 4-to 7-fold increased risk of VTE reported in prior studies.
However, we found that cancer patients with filters had a 2-fold increase in thrombotic risk compared with noncancer patients (95% CI, 1.2, 3.3), a risk which was < 4-to 7-fold rate previously reported. 1 These results are comparable with one of the largest series in which Athanasoulis and colleagues studied 926 patients with underlying malignancies and 827 patients without underlying malignancy. 21 Although DVT rates were not reported, the authors noted that IVC thrombosis occurred approximately twice as often in cancer patients compared with noncancer patients (4.4% vs. 1.8%, P = 0.002). Overall proportions of PE were 5.6% and the authors noted no differences in PE between cancer and noncancer patients. Although they did not compare cancer to noncancer patients, comparable cumulative incidence rates of DVT, IVC thrombosis, and PE were also reported by Wallace et al 9 and Schwarz et al. 10 These results suggest that IVC filters do not confer any additional thrombotic risks in cancer patients and that elevated risks of distal metastases and decreased survival in cancer patients may reflect increased underlying disease burden in cancer patients requiring IVC filter placement.
Regarding the outcome of death, some authors have found high mortality rates in cancer patients receiving IVC filters. Jarrett et al 22 studied 116 cancer patients receiving IVC filters and noted 30-day mortality rates of 31.2% overall and a 30-day mortality rate of almost 50% in patients with stage IV disease. The poor mortality rates led the authors to suggest that cancer patients, particularly those with stage IV disease, may derive little benefit associated with filter placement. In other reports, however, 30-day mortality rates were found to be lower. In their cohort, Athanasoulis and colleagues noted that cancer patients were noted to have a statistically significantly higher 30-day mortality rate (19.5 vs. 14.3%, P = 0.004), rates that were comparable with the rates that we found in our study (20.8% vs. 14.6%). Wallace and colleagues found a 30-day mortality rate of 19% mortality and a 1-year mortality rate of 65%, similar to the 30-day mortality rate of 22% and the 1-year morality rate of 64% in our study and by Athanasoulis. Wallace and colleagues also evaluated 30-day and 1-year survival by cancer type and found similar results for short-term and longer-term survival. At 30 days, survival proportions ranged from 66% to 87%, similar to the 61% to 93% survival probabilities in our study. Similarly at 1 year, they found survival proportions ranging from 28% to 47%, similar to the 17% to 48% we found in our study. Evaluating patients with metastatic disease, they also found similar 30-day and 1-year survival proportions (76%, 29%, respectively) compared with the survival proportions found in our study (73%, 27%, respectively). Finally, in the only randomized trial of IVC filters, patients who received IVC filters did not derive any short-term or longterm mortality benefits. 6 The results suggest that although short-term and long-term mortality rates may not be as grim as those cited by Jarrett and colleagues, long-term survival is limited in cancer patients receiving IVC filters, and patients may not derive additional survival benefits from filter placement. Candidates for IVC filter placement should be carefully selected based on cancer type, stage, and anticipated survival.
The limitations of our study include reliance on chart review for data collection and a high loss to follow-up rate. In addition to revealing thrombotic complications, dedicated prospective surveillance has revealed numerous additional longterm complications associated with IVC filters including filter perforation, penetration, and hardware fracture. 23 Surveillance for VTE events or filter complications was not uniform; rather surveillance was determined by patients' physicians on an individual basis. Nevertheless, loss to follow-up was not statistically significantly different in cancer versus noncancer patients (7.7% vs. 12.1%, P = 0.07). In addition, uniform surveillance may In addition, we suspected that most of the covariates we collected would be intermediates in our study, that is, consequences of cancer mediating its increased risk. Therefore, we only adjusted for demographic variables. The lack of a prospective study design prevented us from systematically collecting additional exposures such as prothrombotic mutations and smoking status, which could confound our study results. We attempted to collect information regarding hypercoagulable states but given that this was a retrospective study, it is possible that surveillance biases may have influenced our study results.
Another limitation of our data is that our main study outcomes did not include VTE outcomes beyond 30 days. Beyond 30 days, loss to follow-up was considerably higher, precluding us from making valid estimates of VTE rates beyond 30 days. However, prospective studies of VTE have determined that the highest risk period for recurrence occurs in the immediate period after the initial event. In 1 population-based study, 25% of all recurrent thrombotic events that occurred within 1 year occurred within the first 30 days. 24 The 30-day endpoint is also consistent with the recommended window of retrievability of several commercially available optional filters.
The 30-day endpoint also limited the number of events we had available in our analysis. The reduced number of events may have limited our statistical power in being able to detect differences between cancer and noncancer patients in terms of events such as PE and DVT/IVC thrombosis. Nevertheless, the number of PE events noted in our study (5.6% in cancer patients vs. 2.0% in noncancer patients) was comparable with numbers cited in other papers. Finally, our study compared cancer to noncancer patients who have already received filters. Although 16% of Prevention du Risque d'Embolie Pulmonaire par Interruption Cave trial participants had cancer, a direct randomized comparison of filters versus no-filters would provide additional evidence to help clinicians determine if filters provide comparable benefits in terms of PE protection, complications, survival, and cost. In the absence of randomized-controlled trials, case-control studies comparing cancer patients with filters to cancer patients without filters would help to answer some of these questions, particularly with additional information regarding anticoagulation status.
In conclusion, cancer patients have elevated risks of thrombotic complications compared with noncancer patients after filter placement, however, these risks are not higher than expected based on historical controls. Although the risk of thrombotic complications may not be magnified for cancer patients as a result of filter placement, clinicians deciding whether or not to place filters must weigh potential protection against PE versus anticipated survival, particularly in patients with advanced stage cancer. 
